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CHLOROPHYLL A CONCENTRATION OF FRESH WATER PHYTOPLANKTON ANALYSED BY ALGORITHMIC BASED SPECTROSCOPY ABSTRACT
Phytoplankton are microscopic single-celled plants that play an important role in the ecosystem as a major primary producers through photosynthesis. The main objective of this study was to investigate properties through reflection and chlorophyll a concentrations of phytoplankton in freshwater. In this study, reflection phytoplankton were taken using spectroradiometer to observe the relationship between the reflectance and the wavelengths of phytoplankton in freshwater. The lake selected for this study is known as Tasik Harapan located in Universiti Sains
Malaysia. In this study, 20 litres water samples undergone the filtering using phytoplankton net. The water samples collected were analyzed in the laboratory to determine the reflectance and chlorophyll a concentration of phytoplankton. Two spectrometers were used in this study, firstly, spectroradiometer which was used to measure the reflectance of phytoplankton and secondly, spectrophotometer which was used to measure the concentration of chlorophyll a. The water samples taken were prior to culture in the medium known as Bold's Basal Medium before the reflections were taken so that accurate reflection measurements on phytoplankton can be acquired. The algorithms that related between chlorophyll a concentration and reflectance of phytoplankton were used. The good results are obtained in this study which are evidenced by the good correlation in the analysis results using the developed algorithm. Three regions were focused which were the red, green and blue.
These bands have been identified to be appropriated in analyzing phytoplankton.
Reflectance of each band specified referred to the concentration of chlorophyll a for calibration algorithm. The wavelength range was tested and the R 2 were compared.
Finally, three wavelengths of 438 nm, 550 nm and 675 nm were selected. The selection of these three wavelengths were found to be strongly correlated to phytoplankton and chlorophyll a. The value of R 2 obtained also in accordance with the developed algorithm in this study. The water sampling for validation was also taken from the same lake but not on the same date and was analysed using the same algorithm. The validation results showed very good results with a high R 2 value was obtained. The results from this lake proved that the algorithm developed was successful in measuring the concentration of chlorophyll a in phytoplankton. In addition, some suggestions are given to repair this study in the future. There are several reasons why phytoplankton community can be used in assessing water quality as described below (Reynolds et al., 1993; Whitaker et al., 2003; Ekwu et al., 2006; Soininen et al., 2007) :
a) The incident of specific of phytoplankton could be limited primary by abiotic conditions such as lake depth and biotic recent. Abiotic and biotic factors that influenced the abundant and distribution of phytoplankton in fresh water.
b) The biogeographical studies have showed an increase in the issue of distance decay patterns in microorganism community composition in recent evidence.
Phytoplankton species are proposed to reflect trophic conditions (Rajo et al., 2000) . Trophic is means nutrition or growth. For example, in eutrophic fresh waters, the relative importance of chrysophtes to biomass or biodiversity (community structure) decrease but cynobacteria increase (Watson et al., 1997) . The phytoplankton size is the most important single characteristic affecting the ecology.
When the phytoplankton become bigger, their volume increase their radii while their surface area arise in proportion to only the square of radius. 
Spectroscopy
Spectroscopy is used in studying of absorption, emission and other radiation (ie.
scattering) by matter which is related to the processes on the wavelength of the radiation. In addition, spectroscopic techniques are widely used in almost all technical field of science and technology including in phytoplankton study. However, spectroscopic techniques are very sensitive and must be set up carefully in study to get an accurate result (Stoner, 2014).
Spectroscopy has a various type and each type shows pictures and characteristics spectrum of matter differently. The variation in intensity of the radiation as a function of the wavelength or frequency showing in a graph is called spectrum (Fusino, 2009 ). The different regions in the electromagnetic spectrum such as ultraviolet (UV), visible (VIS) and infrared (NIR) are dependent on the matter characteristics. In the UV region, the wavelength ranges from 200 nm to 400 nm and in the VIS region, the ranges of wavelength between 380 nm until 750 nm whereas in the NIR region, the wavelength ranges from 750 nm to 2500 nm. Figure 1 .2 shows the electromagnetic spectrum ranges from radiowaves to gamma ray.
The benefits of spectroscopy technique that used in this study are fast and easy. The different ranges of wavelength are very important to know because the comprehensive information can be found by these specific ranges for instant, the characteristics of the biochemical composition of a sample. Usually, the spectroscopy analysis is used for reflectance, absorption and transmission measurement of matter. These instruments measure the amount of energy reflected from the ground or object over different wavelengths (Milton, 1987) . These measurement can be converted to spectral radiance value if suitable equipment calibration factors are valid. The magnitude of spectral is depended on radiance solar incoming amount. 
Problem Statement
Measuring chlorophyll a concentration is a step in the process of monitoring for nuisance phytoplankton blooms that may influence the taste and odor of drinking water sources. These blooms may actually create conditions that are toxic to human, fish. wildlife and livestock. Bodies of water used as drinking water source are also monitored for phytoplankton concentration for the early detection of phytoplankton blooms to minimize filtration system clogs. However, measuring chlorophyll a concentration is not simple and time consuming due to the need of sample preparation and may require complicated preparation.
Research Objectives
The objectives of this study are 1. To investigate the optical properties of phytoplankton.
2. To find the correlation between reflectance and chlorophyll a concentration of phytoplankton.
3. To develop a new algorithm for calculating chlorophyll a concentration of phytoplankton in fresh water.
4. To estimate the concentration of phytoplankton from the algorithm developed.
Research Scope
This research is mainly focus on optical sensor algorithms to measure concentration chlorophyll a of phytoplankton in fresh water. Images and data of phytoplankton will be analysed using the theoretical and statistical methods. Some software also used in analysis.
Research Location
In this research, 40 water samples were taken at Tasik Harapan, Universiti Sains Malaysia (USM) Penang around 10 o'clock morning. These water samples were collected to measure the chlorophyll a concentration of phytoplankton in this lake area by using spectroradiometer method. The coordinates of study area is 05° 35' N, 100° 29' E with width approximately about 8000 m 2 . This location was chosen because it was very near and therefore easier to make observation frequently.
Novelty of Study
Studying the spectrum of phytoplankton in fresh water provides the new algorithms of measuring concentration of chlorophyll a in suitable wavelengths for phytoplankton. The concentration of the sample can be calculated easily within minutes using these algorithms.
Structure of the Thesis
Overall, this research is the study of chlorophyll a concentrations of phytoplankton using developed algorithms. Chapter 1 gives a small introduction to this study. This chapter also recounts the objectives and scope of the study. Chapter 2 describes the background of fresh water, phytoplankton, reflectance and chlorophyll a in details.
Besides, in this chapter also provides graphs, images and tables on phytoplankton.
Chapter 3 provides the publication of the theory of algorithms for measuring the concentration of chlorophyll a in the phytoplankton. This chapter also shows steps to develop the algorithms. In addition, techniques and measures are also given in this chapter. Chapter 4 provides research methods and tools that were used when the data were collected in this study. All measures carried out in this study were described in this chapter. Chapter 5 gives the data and also provides discussion of the study. This chapter also describes tests conducted on-site studies and other locations. Finally chapter 6 provides the overall conclusions of the study and provide recommendations for future research.
LITERATURE REVIEW

Introduction
Human is influenced strongly with aquatic ecosystem, especially phytoplankton.
Everyone knows, phytoplankton gives more advantages in today's technology such as the measurement of phytoplankton biomass is important in aquatic ecology studies.
It is frequently estimated from chlorophyll a concentration determination. The physical, chemical and biological factors (Platt & Denham, 1980; Smayda, 1980; Carrick et al, 1993; Cloern, 1996; Lucas et al, 1999a,b) are factors that influenced phytoplankton abundance in fresh water. Among the commonly discussed factors that influenced biomass loss are nutrient availability, control algal growth, light and temperature. The impacts of one factor are dependent on other the factors, for example, the nutrient loading effect on phytoplankton abundance in ecosystems is dependent on other factors, including effect biomass gains and losses, light availability (Hitchcock & Smayda, 1977; Cole & Cloern, 1984; Bledsoe & Phlips, 2000) , and sedimentation (Richardson & Jorgensen, 2013) . The process of eutrophication can be accelerated (Smayda, 2013) in the area to significant human development. The frequency and intensity of algal bloom increasing can due to significant changes in the function and structure of the ecosystem effect, for example the water colour change of fresh water or ocean change from green to brown or from blue to red. Hence, in this chapter, definition and background of phytoplankton, reflectance and concentration of chlorophyll are given. Besides, the best method of chlorophyll a concentration measurement of phytoplankton is also discussed in this chapter.
Definition and Background of Phytoplankton
Fresh water is a fundamental resource for human life, and the services provided by surface fresh water ecosystems underpin global water security, food security and economic productivity Hanjra & Qureshi, 2010) . Fresh water is defined as water having a low salt concentration which is usually less than 1%. Fresh water is vitally important to flora and fauna, including phytoplankton as a life resources. A good water quality of this system is required for many ecosystem services. Biological characteristics of fresh water, the development of flora and fauna in surface is governed by various species of animals and plants as well as physical performance of individual organism. The primary production of organic matter such as phytoplankton and macrophytes is extremely intensive in lakes and also reservoir but usually limited in rivers. Lakes have features low in average current velocity on surface value of 0.001 to 0.01 ms -1 (Meybeck & Helmer, 1996) .
Phytoplankton is also known as algae that heterogeneous assemblage of organisms. The first use of the term 'plankton' was by Viktor Hensen (Reynold 2006; Hutchinson, 1967; Schwartz 1968) 
